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SECTION I
INTRODUCTION

The purpose of this document is to provide handling qualities investi-
gators with readily usable data on several representative contemporary sir-
craft. Included are those data required to obtain transfer functions relating

the aircraft's response to control inputs. An analytical descripiion of the
aircraft's stability augmentor is also given.

For those aircraft for which complete information was available, the
following summarizes the contents and presentation:
1. Flight conditions for which computations are made
including:

a. Configurations (e.g-, fuel load, flaps,
gear, etc.)
b. Mach/altitude combinations

2. General arrangement
3. Control system description
L. Stability augmentation description

5. Tabulations and/or plots of non-dimensional stability
derivatives for trimmed flight

6. Dimensional, mass, and flight condition parameters
7. Dimensional stability derivatives

8. Transfer functions for control inputs

9. Selected bhandling qualities parameters
10. Data svurces

A mege number cross index is presented in Table I-1.

The intention has been to make this report completely seif-consistent
insofar &8s symbols, nomenclature, definitions, etn. The system used is
described in three appendices. Appendix A covers axis systems, aymbols
and notation, and definitions of nondimensional and dimensional stability
derivatives. Appendix B gives the axis system transformations for the
derivatives. Appendix C includes the aireraft equations of motion and
transfer functions used herein.
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The aircraft ccnsidered in this report span a wide range of sizes, cpeeds,
and uses. In each case, traasfer functions and hardling qualities parameters
were ccmputed tor {light conditions which were selacted to cover the flight
regimes of interest. A rom’zal configuration (gersrally cruise) was picked
fer all up and away flight conditions. For this nominel configuration, plots
of trirmed non-dimeasicnal serodynamic force and zcment coefficients are
prasentad, Alse, In most cases, a power approach case is presented along
wi<ii 2 tevulation ¢ aercdynamic coefficierts. The coefficients are based
2 rigid wind tunnel data, estimeted flexible date, or flight test results,

sending upon avaliability. Tnis is indicated by the words "rigid,"

O

..n‘

‘flexitie,™ and "flizht" cn each serc data plot. ilso, the axis system is
indicated by "stability"” for a body-Tixed stability axis system or "body"
JoroL Tt Terizoll s tmoallimalocdetoshe TLR0L, 0 TMareter alarifisation of
exis cystems used I3 given in Argendix a.. bescriptizas of wLatril systems
and stability augmentation systems ara given along with trunsfer functions.
Wrere a longitudinsl control system has a significant effect on the equations
of motion (as with a bobweight) the stick-free traasfer functions and handling
qualities are givea,

Transfer functions are always given for tody axis motion quentities.
Handiing oualitice parameters ares also given in the body axis. All accelera-
tion ¢ransfer funciticns (sz and ay) are for the piiot's position. Thrust
transfer functicns do not include any engire respcase characteristics.

A substential rortion of this report is in the form of computer printout.
Tre mnemonics used in this printcat are defined in Appendix A,

Tke handiing qualities parameters given in this report represent only a
small fraction of those developed cver the years., The majority presented here
are used in past azd present versions of MIL-F-8785. Although only SAS-off
velues are shown, the definitions yivex in Appendix A are general and could
be used in conjunction with the SAS-on trensfer fimctions to yield SAS-on

handling qualities parameters.

While complete coverage of each aircraft including only the "latest™ and
"rest™ data would te desirable, the major critericn used was that the data te
azcessible to the suthor., This is why cnly isolated flight conditions are
given for some sircraft, and also why, as those people more intimately familiar
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; with each particular aircraft will recognize, the data presented may repre-
{ sent an early estimate in the design process and perhaps the "nominal config-
‘ uration" is one which never left the drawing board, The data have been reviewed
and, although not all those presented indicate unquestionable trends, thos=
i: data known to be based on only early "guesstimates" or showirg unreasonable
trends have been deleted. In some cases data were estimated by the author.
’ As to how well the data can be expected to match the flying aircraft, it is
f assumed that those for whom this document is intended know well the difficulties
- i of obtaining derivatives from flight test data, Every attempt has been made
r to insure reliable translation, interpretation, cnd transcription of the data
. : from their source docurents.
A
2 The manufacturers of the aircraft described herein can not be held account-

avle for the informaticn presented, nor would thsy be bound to concur in axy

conclusions with respect to their aircraft which might be derived from its use.
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: NT-33A BACKGROUND

"The NT-27A variable stebility airplane (Serial No. 51-4120)
iz an extensively medified T-33 jet trainer. The elevator,
ailercn and r:udder controls in the front cockpit are disconnected
frorn thelr resrective_control surfaces and have been connected
to separate sarvemecharnirms that make up an ‘artificial feel!
systex. In ailition, the elevator, aileron and rudder control
surfaces have been connacted to individual servos which can be
driven by a nuxtex of different jnputs., These servos receive
their elsctrizal inputs frem the artificial feel system (pilct's
cormandz, positicn or force), attitude and rate gyros, accelero-
reters, {mamic pressure, a vane and £ probe. This arrangement,
trrough & resrens2-feedoack system, allows the normal T-33
derivatives toc be augmented to the extent that the handling
. sualities of =any existing airplanes, future airplanes or hyyo-
o thatiz:al ras ';Mh "onﬁ;uragiona, can be simulated. The original
JeFE v r rresicer L i sEpluced with the larger nose of an
. f=J-~ 0 proviia cm wrciume --qu:.red Zor trhe elecirunic compo'.ents
' cf ihoe responze-feadback system and the recording equipment.,"’

Iransfer unctions are given for only the primary surfaces and engine
thrust althouzh the NT-3%A also has other control surfaces and a range of con-

trol crossfeed and feadback cczbinations.

Aerodynamic data, fo: the rost part, was teken from AFFDL-TR-70-71. However,
longitudinal data for tie nigh 1lift configuration was obtained from IAL 127
and Mach number derivatives frem NACA-RM-T116.
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NT-33A
PITCH AXIS
Variable Variable
Feel Stability
input input
: {
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ROLL AXIS
Varicble Variable
Feel Stability
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input input
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Feel system parameter values shown correspond
to the “Front Seot Engage” mode (normal NT-33)

Figure II-7.

RT-33A Control System
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NT.-33A

Power Approach Non-Dimensional Stability Derivatives

h = sea level
Vp, = 228 ft/sec = 135 Kt
ag = 2.2°
Longitudinal Latersl-Directional

¢, = 813

¢p = 13
Cr, © 5.22/red
Cp, = .54 /red
Cog = —-.401/rad
Cog = -10/rad
Cm;, = —Dfred
Cle, = 34 /rad
Cmg, = -.89/rad

10

(statility Axis)

—-.72/red
.049/red
—.177[rad
-.57/red
~.045/red
.20/rad
—~.16/red
-~.009/rad
.k /red
<17/red
~.073/rad

—.002/rad

vy

———




) W . . PR
[P T PP IRE YA S IR VLT

PR

ey, LD

*
-
o1

SL NT-33A
-—== 20,000t 13700'b
e 40,0001t .263¢
Rigid

%
\
\

11

D Mo bt Al Wnes ¥



YoDW
o))

EEAAUNIN TS R
B, T,

90

4100.LEl
Vee-AN

»
—————

) 4 fo_ .
_ T _ 0

§snayy

$$99X3 0167 19

x<:.._0

HO00'OY =—onm
H000'02 =====
1S —

P AT A g W B e R




) 8 -~
c.
L
: i NT-33A
(rad™) / 137001b
4 é Rigid
: I
; !
: ! — SL
- ol —-=== 20,0001
——-== 40,0001t
®
1 I L |
% 2 4 6
Mach
N .2+
,4 €0
(rad™) ?
8l !
\
\
]
\
A
0
0




e N RN

~ et

Lo }H.J' o . A ¥
e e NI S W A P

t
X
.3
£

— SL NT-33A
ce=~= 20,000f1t 13700 Ib

— = 40,0001t .263C
Tigiu

N .m-.—- -




e 1 Y nempeR @ . T P Y P A T @

SL

s==== 20,0001t
—-—  40,000ft

Al W~ o b
FE T A




o—OOC
NT-33A
Rigid
I
8
8
I
(Ba) O

Mach
Mach

IR

O~
]

4

4

T

s ©)
16

4
2
o
)
4
8
-2

CLae
(rad™)
Cm8e
(rad”)

r P VUL R Ll e L i
- R P ey v.;ﬁ&?«m

b

’ : s . ) - L . R o
<. - P * . - . .t € . . R
. : . C . I A ) . [P




e b . P swelmrestae s .

!
R4

" R : R -
L S A o

oo

Oab O $ (7

= SL NT-33A

== === 20,000ft 13700 1b

—--=— 40,000f1t Stability Axes
Rigid

C"B
(rad™)




; ' 5 Mach
: 0 2 4 6 8
; 0 T T T T
E -2k
-4
.f it
R (rad™
~ ©
5k ® ® 9
(7)
. . (&) @
.4" | -'8 [~
® |
E | sL NT-33A
‘ e 20,000t 137001b
—-— 40,000ft Stability Axis
Rigid
04 -

1, C n b’f
P /
(rad”)
-04}-
-08 -

18




sL NT-33A
..... 20,000 ft 137001b
—_—e— 40,000t Stability Axis
Rigid
3r
l
Cgr, %-}
\
cn' er \\ \s
(rad™) N Ne—
s N T
N Ch
0 = - t +
2 a 6 8
Mach
-l b—
/3 ) Cn
By -%-o in f




LYY S

]

1

. TN,
BRI LY I TX SGr T e RN

e A bt

.
O S

.20

Cn 3q
(rad™)

16}
C18°
(rad™)
12
o8 SL NT-33A
) ——e=-e 20,000 ft 137001b
—-— 40,000t Stability Axis
Rigid
0a
0 1 | i !
0 .2 .
Mach
.0l

84 is sum of both right and left
aileron deflactions

o0




Cys, -
(rad™)

-04 |-
Cnar
(rad") O

-08 Sa 0

SL NT-33A
=~=== 20,000ft 13700 1b
=——-— 40,000 ft Stability Axis

04} Rigid

kg e

s .

I RN :
[N .

.

o % i
B |
n RN l
. |
S > 21 E




0020°
*0
°9
ye°2-
€¢° 9
‘0
0s°2
YA
AR
Le -
*03y
czoecy
ctotve
1082
€9¢°
*o0LEl
‘L6l
“€LE
T4
0¢9°
97
8

e

c020°*
‘0
‘0
'"8°2-
€5°9
*0
008~
*0yy
‘ERE
1€° 1~
‘08~
*Z0utey
c1ot12
*108¢€2
€92°
*002¢€1
'A23
‘199
‘oLL
osL”*
% 02
L

& e e

4 e s
0020° 0020° 20° 0020° 0020° *0 (14617
0 0 2 ‘0 ‘o ‘0 1930) Ix
0 0 *9 *0 *d ‘0 (930)K2 1
¥9°2- *0°2- yg°2~ ve*2z- 40 2- $8° 2~ (141429
€s°9 €s°? €s°9 Es*9 €s°9 169 (14)éx9
‘0 ‘0 9 *0 9 *0 (9301 WN Y9
009 ° 0y°s 906° =~ 006° 02*¢ "2 o 4 (LECRAL hlJ
reze L°29 *eld *ive 6°L® €9 (480120
‘902 €°19 *e2L *LeZ L°38 L°19 (345410
tes - Le“1- Le* 1~ Le°1- e 1- 2% 1- (930)N0D 11543
"o8% *08Yy *08Yy .omv * 08y *o8y 38 14=-977812x1
‘Zogtey *208¢€Y cZo8EYy *2o8€EY *203¢ey *1002¢ s 14-9778) 21

*totte *t1ot12 ‘10112 ‘10112 *totve *00L02 (93 L4-MIS) Al I’

*108€2 *108€2 *108€2 c1o8¢€? *103¢€e ‘ooLzt (s 14-9778) X1 ¢
€92° €9z° €9z €9z €92° o9z * (294 1°9°3
“00LET *00LE1 *J0LEl *00LEY *ooLel *ooe 11 (seIm
rese 13 *E9Yy *e32 * 091 tett (SYINI01A
rece ‘981 “E9Y * 92 * 091 *eEl (SYLNI0LA
‘ols ‘lie 41 ‘Lhy c 0Lz ‘822 N 1Sd 3)IIA
oss* 00€"° ooL® oov* Tyl y02° (=)W
® 02 n oz s s s s (1d)IW
9 e ] € 4 1 LT

Welg=2 'S ~a ‘WbegR =S

SNZLINVYIVA NOLLIGNOO IROTITA QNV BEVR “IVNOISNINIQ VEE-IN
c-1I JIdvVdL

R T L IIEEELE IO 2% W

T Rt

LT AR T




” . U v o s AGTOENITA

. . + + + + . * *

¥-3826° §-3996° 9-364%6° 9-3W9y° ?-38%6" 9-3846° 9-3095° ‘0 H1G4
Y ‘0 *0 *0 ‘0 *0 °0 *0 HL Q7
§€200° $€200° $€200° §€200° $€200° SEZ00° $€22d° €L200° HLOY
L 754 I L°82- 29t~ €1y 126~ I* 91 - £g*s- 6l1°y- 304
9° €2~ $° 28~ 6°09- L R S ‘251~ LA 1 A ¢ 9~ 9 €1 3Jaz
966° [4% Ak o0s* g8 °1 3?2~ 229 9t LA Jox
SES° - §s° 1~ 186°- 006° -~ 92~ tee1- 908° - 969 - 04
»3.88°- 102000°~- 1%5000°- €81007°- ‘0 0%100°~ 6%10) °~ 2%100°~ On
‘0 ‘0 *0 °0 *o ‘0 *0 ‘0 or
*9 ‘0 ‘0 *0 ‘0 ‘0 ‘0 ‘0 Qu?
19800 *- 6¢20°~ Ls10° =~ 824000°~ téyo° - ¥20° - 69900° - 42000 °~ L1}

J09°~ 0e°1- §2°1~ 16%° - 56°¢t- EL°T- 166° - 9¢c 6t - LY ”
lof0* 985600 16€0° is90° 112¢0° =~ 29¢0° T1£1° s180° .}
tytovv*- 15100°*~- €81000°~ &11000° 09L200°~- €32200° €09003° 81¢000* ¢ Nd
I9L0° - €0L0° - Lot~ LA R 291~ B21°~ €1’ ~ oy - « N7
. $5€30°~ 11s0°~ SEL00°~ L4%00° $1v0° - 010~ ¥6900°~ 16€0° = ¢ OX
' 0s9° osL® 0ss* oote* L o0%° Ty ¥02° L
N 0y N o2 ¥ 02 ¥ 02 RH s 1s s H

8 i 9 ] v € [ 4 1 9 3/4

(weysfg stxy Apog)
' SIAIIVAINAQ TYNOISNIWIQ TYNIQNIIONOT VEE=-IN

w ¢-II FI0VL




»

LI R A AP T o 222 TR R 3 10 TRl
t e . . Lt g
. .

. i
t
- PR . e cwed b ]
L) 4 + L ] 1 4 *+ . 4
Leat EALY Lot N cnr 291 26 ¥ 260 1(d2¥)n
£2:¢0° v620° vivo* 6020° yeELD® 143 tavo* L050° 1147¢)}
92200~ 64%0° €900 58¢3°~ L8€0° L3600° 1619°- 9920° LAY I8 ANTAS
“lvqy’ ¥22000° #€100°~  64%03° 33970 TEL100° -  gvlo” 91y~ A STYAANVAS
€08 *sot s 16 v el LY teag Leer 4 talv)y
{ 3G/7dIVIN
vt 22 191 (438} 12 il £ 0ot $§*9 t1 onr izt
AR N 302~ viri- %y~ te2- LA 4 90 &~ i~ e oML/
*21000°~ 1060° 66%00° 92¢0" - y5¢0° ¥6100° [l 2 21 AR *L10° LIS LIRVA
9°€2 y° 29 6 0% 11 *est yevy 2°91 v'etl { g1y
{ 30/ GHIN
199 gLt 02°1 €y Lyt 891 (113 068 ° AR IS FVAS
¥ 100° $150° 8010° c2to* LPR MM (et RG20° 290° (LIS NVA
ez 8- 9°92- 2*'91- 21y~ L°26~ $°¢1- 19°%~ 41° & (It )y
t{ 30/73HLIN
€290 2250° »10° 601" 5383° 9760° 134 4 L1188 1 MM
€£4¢0° R 6150° Lelg®~ (1744 #3637 0622 st 1C a1
122 212 ‘661 2 (S 1% 4 * 231 ANy Lt LI I VA
g c2- 9°28~ 609~ [ A2 4 & 261~ yoyy- 2t~ vl ( gy
t 30/ M)IN ﬂ
689 ° (°08Z ) 1Ak Les® (‘6% ) 08°? ¥ 3 AR 1t N
$3° 191°9~) 09%" w9 (€1°¢-} ygy* 69i° €49° T¢ At
922 12 e it 582 il £°986 0°99 AT P YA
900 ZEy° - 00%* 8§ g9z~ 029 Ly 1 91¢° t Ny
{t 30/ NN
X RIS AETILS
o072 £€9°» 61°'¢ "o’ t9'9 Tore FL 2N { 681 Zesaoe
g9 o] ] get* Lg8’ »e° [ 13N ou° X4 M T{13017
E»350° {4140° ) 8i90° 1260° 1960° i€ed* 19° L 111300
S1€0° (Ltzo’-3 22%0° 20409~ 18 9%g0” 6613 ové0"* 1139012
¥ILYNININ IO
0g9° osL° Qss” [+]] &4 3L 0d%* T2 402 L]
» 0y Q2 ¥ 02 % Q2 a4 s s s ]
[ 'y 9 $ Y < 4 1 ¢ /4

(weyshg s1xy Lpog)

QUEIFITY aIeg
SHOLOVA NOLIONNA NEASNYHL HOIVATIT VEE-IN

n~11 JTEVI

- R UMY | ,ﬂ!?;.ﬁ;.? .f,k.w&l.‘\r,\l. Ifl.‘ﬂﬁ.
AR D)




» [ 4
weee o' 9t
Toe® woL®
g9 "0 1-
w2200~ L12000°
G-3523°~ $-3L19°-
@0 ¢ (1°91-)
eI [ELAN )
tve* 221~
101000°  9-3€TV°~
st (i)
e toe9* )
9-3166°  9-35ve’
! you'- €26~
sle00‘~ t26000°-
129000° 015200°
. o2 ity
o _‘Aé 992 taee
R A 99800 = E0HDDD®=
i ) $€209° §€200°
L
]
. 0> 2 £9°Y
R 892" 1%
Y €950° (L1io” §
.M.. ! »1€0° 12120°=)
0%9° N
% Qv X 02
{
] L

i B -

[ RE 4
o€sL"
g vt

goL0C0 "~
G-3629°~

62"
CELE
€2°¢

n~382¢%

69°1
(115
9-3C76

891

€1400°~

162000

b1'¢
g6t ”

52200° -

S€200

61°¢
86E"
8490°
Z22$0°

0s%°
% 02

9

-

. * .
2e2¢ 1 (g°1s } ge’t
teo*t ) (vy°8 ) 599°
tee” 142 9wy
g1~ FvI020° $1100° -
¢-1918° - 6-3b19°- e=3689°~
101 [A 2 oL €
IRLN s$6L° Leee
vt 801~ 169
995000 y-369¢°~ 9-369¢°
906 ° 3t Tt
vle* L AL 126°
s~3s2t” 9-3678° 9-37v48"
[ X400 L7358 2 L -
y1u0* - L9130«  REEY*-
911002° D9£00D" £y1000°
9L9* 199 1y ¢
o8’ yay* 11N
»120°~ DLEODD* - yo200° ~
§€200° €€200° $E230°
219 199 to°€
Le3° y8y* 3%5°
1163° 1360° £e60°
28L03°~ 16¢€° Fvs0°
o0¢* ML 00%*
¥ 02 s AN
1 L4 €

(weyshs 81XV Apog)

swexFaty oxed

G-11 THEVL

69" 1
ity
[ 2R 3
toizt-

¢-3L28' =

Lge!

219

961
€12000°

L75
62L”
g-3L21°

L 6=
6200’
y-3031°~

448
0e’*
¥210°~
gezo0°

291
083°
191°
6610°

[ A4

36° 1
68¢°
“g99
T¥E00°
¢-3401°

L€t
bit*
[ 1383
£01000*

(8¢ L
(L4487
9~3061°

12y
96€0 0
6€00°

6$* 1
229°
PA
§:60°

¥02*
18

FUOLOVE NOIIONAL CEASNVEL ISOUHL ves-IK

)
)

i
{

e IRV

143298

1142902

L ITTEIR YA

tazvrird
(42¥)Y

(HLAZdIYIN

1¢ QRIM
1t oW?
1 ant
§ oMV
(HLO/ QWM

T(IHA N

TN
(IML )Y

{H10/3NL N

t My
{110/ NN
SYILYUINON

4130
zouLiaz
1{130)%
14130¥7
$I4YNIWINAa

L]
H

¢

UL




.

1oy
SJ* €

et

ot E009"

0s9°

% v

: O e

+ L 2 4 + ] L 2
it 61°1 $2°S 16°1 6Lt £e*? 1
to*2¢ ) - *805 - - - -
21s° SLy"* sO1°* 51¢° L&Yy’ ole’ 26E"°
231 26°1 991 c9%° 5L 1 »1°¢€ 6€* S
91y e ¥4 2y g'ee 0°¢2 [ 0] L€°9
161~ 0810°* - LL6D" 3il*- Oy20* -~ 1€10° 9250 °~
Qaxid4 ANILS
o L* 0ss* [o]0] d oL’ 00y* 292° »02"*
% 0 N 02 n 0z s h M) 1S 19
L 9 s ] € 14 %
(woyshg sTXV fpog)
auURXJITY 3X8d
SYELTIVEVE SETIITVID ONITANVH TYNIGNIIONOT Yee-IN
N-11 F19VL
AN 10 Y ) e J...... . . ,J.Q&..,:b.w.:l.-».. . Yy

LR PV N

e . s

(017171

t tanom )
(915}  (210100MMd

(9/23$/23S/0av8}) dv?D
(9/7930) 9730
tave/9)  VYIN
t1%/930) tNH 290

$ /3




+ +

261~ 66° 9~ 12°¢-
808° 0z°¢ 6t 1
s610° 1160° €9c0°
gll” s61° 121
€1°L 0°42 AR

‘0 ‘0 ‘0
ot1° - gle° -~ %02°-
6L1" 24 3 9s2°

8ey0°" - 1%10°- €8EC° -

L8 - €2 2~ 96°1-
291 %2*9 09°2
80°6 - 68°6- v L-
bezy- Ty 1~ Lo2L-
»190" - s81°- 8z1°-
0g9° osL® 05§*
% 0% 3 02 % 02

.8 L 9

+ +

9

*

€68~
L82°
R10°
yo1°
41°¢
‘0
$01°-
Y127,
€01~
[oT4: g
[«L -0
30°Y-
912~
690°~
ooe*
0¢
S

9° 21- 0§ ¢~ §2°1- "2 1. w3 N
69°S T £hy §210°- ¥3 01 )
o1 toso° 1080° TITL ¥deA

092° gote N3k 9820° YO N

0° LY 921 €5y 12°9 v3 41

0 ‘0 ‘0 ‘0 vaeA

195°- 162°- TR0 1oz - VBN

64" oze* o€ 9 o
gti0* 2150°- 21t - 9tre - VN

15 4= §1°2- 261~ €0-2- 'd -
9*01 L2 0%6° 199° .QZ. a
0°81- 20°8- 2y - 6% 5- 81

“ w9z~ 0°18- 1:0c- v 82~ A

gee- 1R1°- - §21°- AA

00z° 00%* 22" w2e W

s s s s “

Y ¢ 2 1 EY?
* + + * L]

(WILSAS SIXV XQ0H)

SEATIVAINEQ TYNOISNEWIQ TVNOILOZYIQ-TVHEIVI VEE-IN

L-II 1€Vl

. , ..” ,. :ll...#l.ﬂv‘\.o f- .,Q%..u.
A . C . ) ] : A S . R




et 91 (YA $0°\ (1301 68°1 €et ec° T(IAVIN
"2 1225 (21 09y* tee 692° Loy* LEv° t1idAv )7
v09°- s6€°~ 099°- L85° - 19e° 908°~ L0 1= 92 1- Z1dAY)4/1
0€10° "®e tel° 9990° 96¢° - Yoz o 21 TtaAY)L/ Y
0°t2 *" 69 0°%¢ 68°% 13 ItLE [ 2 €1 taav)y
( VO/dAVIN
(130} €s°2 LA M e b 3 2 $9°1 §0° 1 g¥8 T01Hd )Y
€©yo* 6660° zot* $660° (11N 18205 et gol* TN 1T
[ 2 &' 092 Lt L1'E Iy EAXA ! 1134 1¢°9 (1Hd Y
( ¥Q/ IHd IN
9% 68°2 W€ vl Lt 062 113K to°22-) T ¥
14 2 ok 13330 L68° - 32 Mg 129° - 596° ~ £€L9°- (90" 1~} AR IR 11
928° " vo-l 8y y°01 sl eL s60° (R I FYA
[ 23 2 61" 121 ¥l ooz sot° yel* 9820° t wyy
{ YO/ YN
(138 ({344 %9°1 899° et 59°1 §0° 1 648° 1( d)%
t990° 6660 ° 201° (AR 9¢€t° To1° sol° ooz* 1 4N
200~ $13000° 190000°~- 6913°-  9E7000° 11100t~ 9019°~ 22600°- "M an
€1*eL [ 24 Lot s l0€ %Ly LAX 4! E€S ¥ 109 (Bl
t vo/ dIN
s0° € 10° €~ 922 951 g1t | 8 ot’¢ 9y L LI 1 FYA
2690° OEE" 1428 9190° 996"~ ¥i2° €ol° LA 8 1 /e
[ %10 02€°- 6150 ° 16t 666° ~ €Ee0” saz* zoz* t 9y
t va/ @QIN
SulivYIAnN
1ol t 4 3K4 0Ll 11 P2t L0 92°1 AN 111300
1620° 8980° L590° 8€903° tee ot SEY0° 6093° 1(13012
aLo° 62°2 991 996° LSy y2°z Lyl oz LI
£9v00° €€€00 2€600* 62w $9403° €vio°® $610° e1€0° 101300471
NILYNININGG
069° osL* 06s° coer NL* ANy ty2 ¥02* L]
N 0% ¥ 02 % 02 % o2 s RH) Is 1s H
¢ L 9 s L4 € 2 1 " 4

(WALSRS SIXV 7Q0d)
euRIJLTY axeg
SHOLOVA NOLIONAL WEJSHVMYL NOMEIIV VEC-IN
g-1I FIEYL

L . Deme e A s R g e Caegyy, om0 S Sdamyangg VY o PR
P LR L . el




06°9-
96°$
€o?°
ve10°-
€0°2

99°¢~
91°€
yaL*

98%°
02230° -
L9°
26 1~

LA 1l
$0°¢€
€2200° -
808 °

001
208°
$6620° -

$610°*

19°1
1520°

5L6°
€a¥d0°

059°
* 0y

1l
8€°6
00°¢
¥9400° ~
08°L

01° %~
LZBA 1
€2°¢

§G€E°
2280°

1€°2

66°9~

€1°%-
oLl°€

§12000°

02°¢€

*e2l
92°2
€1£00° -
1260°

[4 84
8980°
62°2
€CE00°

nsL*®

» 0T

86 8-
9L
§2'1
0210° ~
89°¢

S1° e
€9°¢
sE°1

€9%°
oL10°
99°1
12° €~

$0° 9~

09°¢
§8L007° -

6" 1

268
09*1
99900° -

€9¢€0°

oLt
L%90°
99° 1
ZE600°

0ss*
» 02

€2°9- zest- 0R* 9~ (39°¢ ) S U4AYY A/
£1°s 911 62°$ (102° ) €LdAY) L/
1Ly 1€°y neRa* 9¢€1 TLdAv) L/
2090~ 29€00°= O¥In‘~ elgd)° - €090°*~ TtdAvI At
66l° 8%l 80° gt ov (dAvy
( ¥0/7dAV Y
[ 134 2 9€ s~ ] Rl 90 6~ (90t } [4SLLINVA
06°¢€ 90°% oL € gc° € (ZTR° ) 1144471
oyt* 60°9 168°1 62F° 2090° - {1Kd)Y
( #a/1d IN
LEL” £oe” 69%° 02y° §09° Tt uim
€21 6sZ° Zlel* »2Ld° 6510° te ¥z
OEL*® 85y €z (138 21z T win
€89~ 9°21~- 0g°¢~ ¢2° 1~ *Z'1- t Wiy
t ¥a/ WIN
€0 ¢~ LA 3 L1 o= 00°* %~ 0°69 €t et
or'e L0°S L9°¢ Z1€ 30°8 L aun
oLt0°~ 199000° Z1100°~ N - €€500° =~ " dairn
LeL* 68°S Le°l cor* s210°~ t diy
( ¥0/ dIN
g°6Y% {4 2°0L 6°2% €2y € Wi
9¢e* LS°Y 61°2 9€° 1 $0°2 et an
110"~ 9%100°~ 87100°~- 21e) - 9550~ 10 ern
s8t0° 201° €0s0° 10€° §530° t a)v
{ 40/ QIN
SYOLVEINNN
91°1 82°¢ sL°1 92°1 €11 1tL30)m
8€900° IXAN €01° SEHd° 6390° 1113011
996° LS yZ°7 151 opz°2 Tli30014/7
6Z10° 69%00° €¥10° so1)° 91€0° ttianya/t
YOLYNIWON 30
00€* 004° 004* 424 »0Z* H
» 02 1S 1S s s L]
$ L4 € 4 1 ® N

*

*

(WAISAS SIXV XQO€)
sweLFITY SIvd
SYOTOVA NOTIONNS UZLENVHIL MEGANE VEC-TR
6-11 1AVl




eez:*
Sy
069 *

b LS

+ +
»Z1° 692°
2Z°1 $6° 1
Z2°8€ coze~
et 2z2¢*
00°1 oLe*
41900° 8Z€o°
186" 196°
9°01 19°*9
ot “0*9
$°01 629
o6L* 085
0s°2Z e
osL® 0es”*
¥ 02 > 02
L 9
Y +

SUIIANVHVE STTLTIVNYD ONITANVH TVNOILOWMIG-TIVHEIVI

919°
44°2
*22¢e~
1eL°
esL*®
(4310
€le’
949°2
659
11°2
eLs0"
| 3 A8
00€*
A 02

+* + + + L 2
L L0° cez 1T bes* 3A 01 IHd
90°1 £t 10°2 w12 v139 01 1M4
1°8% ‘g1¢- ‘gl *162-  3SVH4 ‘v138 Ol IHd
wot 92¢ toL° t0°1 XVN-8-130
10°1 996° 628 * 15" (01 M/ ( IHaI N
26100° veco® o7¢ L9 tAY) ¢/( 3501 d
€96° 926° 505 ° sL1° (11421214
501 91°s 192 00°2 (€14
¢ ot 6L % 221 g1y (214
v 01 1% 192 ve 2 114
-- - -- -- (93S)  (2) Iv¥lds &
91°1 1%6° (113 1410 (2713371
€61 19°¢ 6% Ls°s (935) 00I¥34 ¥Q
ooL* 00%* zo2° oz W
as s s s H
v ¢ e 1 Y
4+ 4 + + L

(WAISXS SIXV XQod)

aUBIJITY 9I8g
VEC-IN
" OL-II TIavd

Aohdres i
S




P NP NS A

¥,

-

-
. .
ombane. e

PR CWHASNN

i

NI-33A DATA SOURCES

Hall, G. Warren, and Ronald W. Hubar, System Description and
Performance Data for the USAF/CAL Variable Stabl_lty T-33
Kirplane, Air rorce rlight Dynamics Laboratory Rept. No.
AFFDL TR-70-71, Aug. 1970

Tests of a 1/5 Scale Wind Tunnel Model of the TP-80C Trairner,
Iockheed Aerodynamic< Laboratory Rep%. No. LAL 127, Jan. 23, 1948

Cleary, Josepa W., and Tyle J. Gray, gg_h dSpeed Wind-Tunnel Tests
of a Model Pursuit Airplane and Correlatvion with Flight-Test
Results, NACA-RM-7116, Jan. 21, 194b

Statler, Irvirg C., et al, The Development and Evaluation of the
CAL/Air Force Dynamic Wind Tunnel Testing System, bart 1 —
Description and Dynamic Tests of an r-80 Model, AFFDL-TR-66~153,
Teb. 19¢7

Flight Manual, USAF Series T-33A Aircraft, T. 0. 1T-33A-1.
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P-10LA BACKGROUND

The F-10LA is a single place, lightweight, supersonic air superiority
fighter powered by a single turbojet engine with afterburner. The wing has
a full span leading edge flap. Trailing edge flaps have a blowing-type
boundary layer control syster. Control is provided by conventional ailerons
and rudder and an ail-movable stabilizer. Pitch, roll, and yaw dampers are
incorporated, however their effect is not shown kere, Pitch and roll con-
trols are fully irreversible wnile the yaw control is a cable-actuated rudder
without boost. A bobweight is used in the longitudinal feel system. Its

position is assumed to be at the pilot's location.

The primary source of data was IR 1079%, Dreg information was obtained
from LR-1287%.

The naminal coniiguration used here is the cambat loading for the F-10LA

based on actual weight and balance data. The PA configuration is a typical
loading at flight manual approach speeds.
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F-104A
PITCH AXIS Ssaglrad)
| 851' (in) ‘ G
Fsr(ib) 54 ‘1 573 ——é—‘ss(rad)
32 o |20 0o 10
322 [ % | ' T
L— - |
of assumed to be at pilot location 2
Gldeg/in)
ROLL AXIS Sosns("’d)
854 7lin)
LAT 1 2.14
F ST (lb) 27 573 80('0d)
YAW AXIS
Spgo(m)
FPED“b) K(')R_q, ;353 - sr(fﬂd)
20
%E1b/in
< (54r)
Ko] o
o .| 1 | 1 1
(o) 4 8 Moch 1.2 L6 20

Figuwe III-3%. F-10LA Control System
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37

: TABLE III-1
Po10kA
‘ Power Approach Non-Dimensic.aal Stability Derivatives
h = sea level
. Vp, = 287 ft/sec = 170 kt
o o - e
5s = ~7.1°
Loagitudinal Lateral-Directional
(Stability Axis)
Cy, .135 Cyg = -1.17/rad
Cp .263 Cog = .50/rad
CL, 3.4k frad c,ﬁ = —-.175/rad
Cp, .45/rad Cop = ~.285/rad
C,, —.64/rad Cnp = —.14/rad
. Cang, —1.6/rad Cyp = .265/rad
Cpq = —5-8/rad Cp. = ~.75/rad '
clﬁs .68/rad Cnf’a = .0042/rad
Cog, —1.46/rad Creq = .039/rad
Cys = -208/red
i:'_" C“ar = .045/rad
C"'br = =.16/rad f
v cvbd = .03%5/rad
5 Cogy = —025/red ’
Cpgy = —-00M/rad i
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F-4C BACKGROUID

The F-L7 is5 an Alr Force tactical fighter whose primary mission is
all-weather air-to-air missile combat. teral control is achieved by
allerons in cambination with cpoilers on a swept wing., A swept stabilator
provides longitudinal stability and control. Directional stability and
control is accomplished through a conventional fin-rudder combination.
Landing speed is reduced by full span leading edge flaps and inboard plain
trailing edge flaps in conjunction with blowing-type boundary layer control
(BIC). Boundary layer control is automatically induced wher full flap

deflection occurs.

Features distinguishing the USAF F-LC from its Navy counterpart, the

F-%B, are:

FERETL P

o ® Lack of arooped ailerons with flaps down resulting in
higher landing speeds.

® Dval flight controls resulting in slightly ’‘ncreased
control system inertia.

® Wing bumps to house larger main gear wheels resulting
in a slight drag increase.
Data included here was ottained primarily from MAC Report No. 9842,
Special emphasis is placed on the longitudinal control system because of
- its relative complexity when compared to other aircraft. Figure IV-L has
been added to help illustrate this system., Also, care has been taken to
retain sa'nb of the control system nomenclaure used by the manufacturer,
e.g., ag and PFgp (see Fig. Iv-5).

e,

IS

The Stability Augmentation block diagrams are shown in Fig. IV-7. The
roll SAS described is not included in lateral directional SAS on transfer
functions since it is faded out with the lateral control stick out of neutral
position.
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| F-4C
PITCH AXIS
-_— 8sc,clrad)
Feel System Isas
l Gearing Actuator
: Frllt] 2 0569aaher [o1)l-3.36 | ! L_..S‘(md)
. h 0369s° +.208s + .0157qgPer + m 57.3 .05s+1
~ bs
\- See Fig and for feel system details
: Bobweight
1
. 5.3% 8 ft .
3 32.2 ar (;ej-c';) at 1a=39.3f
A
R
-1
: ROLL AXIS
Lo — Sa“s(rad)
‘ S Feet Spring Georing
FYAT ) . ! 8;‘:1“"_)_ 6.25 -3
sy 2.96 573 5p°ih( °(r°d)
=t 1.87 —= 3 (rad)
ARI Gain
35, |-46 SAS OFF CLEANOTgPA AR
38, | -69 SAs ON as, )
—1 33, f—— 8y, p,\rad)
< o YAW AXIS Sramilrod)  Brgug(rad) ’
'. Rudder ,
D Feel Spring Gearing Flexure -
oS i Speplin) | gow o ;
L e - 2= Kerex f—= 8,(rad) i
B
e 4
i . t__
o PL GO \S“ Fig .
e V <235KIAS | 3661b/in | -11.5 deg/in
O V >220KIAS| 8.5m/in | -6.5deg/in
|
: Figure IV-3. P-AC Control System .
.
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2} — e 35,000t 38924 ib
) —--=— 55,000ft .289¢
0 1 1 | ] 1
0 4 8 1.2 1.6 20
Mach
LI
P Ot
BF Ry e < - — O
{ft2) 9
8
L 1 { P 1 | S
0 4 1.2 1.6 2.0
Mach
60k -
Viscous Damper Off Stop :
40k |- b=3.031b/in/sec 27
h K]
(1) “
Viscous Damper On Stop
20k - b =soeo ;i
SL i 1 [ 1 1 '
(o] 4 .8 1.2 16 20
Mach ,

Figure IV-5. PF-4C Peel System Farameters '
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e —— -

PITCH SAS

8 (rad/sec)

ROLL SAS

F-4C
15s

uun B~ - B gasirad)

Py (rad/sec) ————= <265 = Bgg,s!rad)

Pg = P (Roll rate gyro assumed aligned with FRL)
Note: Roll SAS faded out with laterafl controf

YAW SAS

out of neutral

3s

re (rad/sec)

s+5

ay (ft/sec?) ——m= 0i68

1s = r cos({-1.5%) +p sin (1.5
ay=ay +9.97-39p

Srm (fad)

Yaw rate gyro inclined 1.5° below FRL and
lateral occelerometer at F.S.198.0 and W.L. 230

Figure IV-7. P-4C Stability Augmentation
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TABLE IV-1
) e

Power Approach NoneDimensional Stability Derivatives

h = sea level
vp, = 20 ft/sec = 136 kt
11.7°

Lt N o e St ‘-'.' L - . v'
L . ,_.,.- . . ./- o B ‘-:"..\',A‘ . B R .
*oe e s ATRYSRERINIA W + - L0 UQUUABNAV.INS 22 RRIIANE ARSI, e 1. (Nt st e Apar i s s bethat e o

ao =
5 = -9.1°
Longitudinal Lateral-Directional
(Stability Axis)
C. = .915 CYB = —.655/rad
B Cp = .2h2 Cog = .199/rad
: €, = 2.8/red Cgg = —156/red
. Cp, = -555/rad Cop = —.272/red
B Cng = —-098/rad Crp = —-013/rad
; Cp; = —-95/rad Cgp = -205/rad
: Cng = —2.0/rad Cp, = —.320(rad
; Cs, = .24/rad cyba = —.0355/rad Spotler
= = =322/rad = ==
: Cag, 322/ Cag, 00u1/rad Eftects
| cbas = —.14/rad c,ag. = .057/rad
: = .124/rad
: Y, /

Crg,, = —-OT2/rad

Cgp, . = ~.0009/red
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